We investigate statistics of the decay process in the equal-mass three-body problem with randomized initial conditions. Contrary to earlier expectations of similarity with "radioactive decay", the lifetime distributions obtained in our numerical experiments turn out to be heavy-tailed, i.e. the tails are not exponential, but algebraic. The computed power-law index for the differential distribution is within the narrow range, approximately from −1.7 to −1.4, depending on the virial coefficient. Possible applications of our results to studies of the dynamics of triple stars known to be at the edge of disruption are considered.
law is expected to be quite universal.
Here we explore the problem of the lifetime statistics in the three-body problem by means of numerical simulations. We pay particular attention to analysis of the tails of the lifetime distributions, and find the algebraic behaviour. We compare our results with previous numerical work and discuss why the algebraic tails had not been identified earlier. Possible applications of our results to studies of the dynamics of triple stars known to be at the edge of disruption are considered.
SETTING OF THE PROBLEM AND NUMERICAL EXPERIMENTS
To investigate disruption of triple systems we use numerical integration of equations of motion in the gravitational three-body problem. The equations are as follows:
where m k are the masses of the bodies, r k are the coordinate vectors in the barycentric orthogonal coordinate system, t is time, and U is the potential:
where the quantities r ij are the distances between bodies i and j, G is the gravitational constant.
We use the chain-regularization algorithm of Mikkola & Aarseth (1993) to treat behaviour of the system in the vicinity of close double and triple approaches accurately. NuDisruption of the three-body systems 3 merical integration is performed by the Dormand-Prince integrator (Hairer et al. 1987) , which realizes an explicit Runge-Kutta method of 8-th order with step size control.
We restrict our present study to the equal-mass three-body problem. The masses of all three bodies m k , k = 1, 2, 3 are set to 1. We also choose G = 1. Total energy of the triple system E = −1.
To set up the initial conditions for the integration, we use an approach similar to that used in Mikkola & Tanikawa (2007) . Namely, we produce random initial data by selecting the initial coordinate and velocity components of the bodies from a uniform distribution inside a 9-dimensional cube with size of the edge equal to 2. Then we transform these initial data to the barycentric system.
Using scale coefficients, the coordinates and velocities of bodies are transformed to satisfy fixed the virial ratio k = T /U, where T and U are the kinetic energy and the potential, respectively, of the triple system. The total energy is E = T − U = −1. The following values of the initial virial ratio have been chosen: k = 0, 0.1, 0.3, 0.5, 0.7, 0.9. For each value of the virial ratio we study a set of 10 5 triple systems.
We follow the dynamical evolution of each triple system during the time interval of 10 5 time units, or until the escape criterion is satisfied. The escape criterion is the same as that used in (Mikkola & Tanikawa 2007) ; namely, we stop our integration, when a single body is moving away on a hyperbolic relative orbit at a distance d > 50 times the current semi-major axis of the final binary. The condition for hyperbolicity is
where E out is the total energy of the outer binary, M in is the mass of the inner binary, m out is the mass of the outer component, V cm is the velocity of centre-of-mass of the inner binary, V out is the velocity of the outer component, d is the distance between centre-of-mass of the inner binary and the outer component.
Using orbital elements we compute the formal time of pericentre passage for this hyperbolic orbit. This time T d is considered to be the moment of the triple system disruption.
The disruption time T d is counted from the beginning of computation up to this moment.
RESULTS OF THE NUMERICAL EXPERIMENTS
The results of integration are qualitatively similar for all values of k in our set, that is why the graphs with distributions are presented here only for a single case of k, namely, for k = 0.
In Fig. 1 , we show the integral distribution F a (T d ) of the disruption times in decimal logarithmic scales. The quantity F a (T d ) is the fraction of the lifetimes greater than T d . An initial exponential drop (a "bump" in logarithmic scales) and a subsequent power-law decay (a straight-line dependence in logarithmic scales) are prominent. In the very tail a smooth drop is evident, which is due to the presence of the upper limit on the time of integration (equal to 10 5 time units). Owing to this final drop, the F a (T d ) dependence cannot be used straightforwardly (by linear fitting of the tail in the logarithmic scales) for reliable estimation of the index of the power-law decay.
We separate the initial exponential drop from the subsequent power-law decay by choosing the value of T d , at which the distribution becomes algebraic. From Fig. 1 we see that this transition value lies between 10 3 and 10 4 . We choose the latter value, so that to be completely sure that any contribution of the initial "bump" is minimal.
Thus the transition value of T d is found from the analysis of the bimodal structure of the integral distribution of T d in logarithmic scales. In the subsequent treatment the scales are no longer logarithmic. In Table 1 . For all kinds of fittings in this paper, we use a non-linear least-squares method (Levenberg 1944; Marquardt 1963) to minimize χ 2 , thereby finding the best-fit parameter values and their standard errors.
The fitting here is two-parametric: we use the fitting function
where A and β are free parameters. Only the value of β is important for us and is therefore reported in Table 1 . The correlation coefficient R 2 is also reported. Note that it is very close to 1, i.e. the fitting is very good. As one can see, it turns out to be close to the T −5/3 d law.
In Fig. 3 , the same data are presented as in Fig. 2 , but the distribution is integral. The
in Fig. 1 is the fraction of the lifetimes greater than T d ). The solid line, drawn in the Figure, represents the algebraic fitting. A two-parametric fitting cannot be employed in the integral case, because we do not know beforehand the fraction of the disruption times longer than the limiting time of integration (for the differential distribution, this fraction is absorbed in the coefficient A). So, the fitting here is three-parametric: we use the fitting function
where A, B and α are free parameters. Only the value of α is important for us and is therefore reported in Table 2 . The fitting turns out to be close to T −2/3 d law. This law is expected from our results on the differential distribution, because the equality α = β − 1 should hold. In practice this equality is not exact, mostly due to the difference in fitting schemes.
The correlation coefficient in the case of the integral distribution is much closer to 1, than in the case of the differential distribution. This means that the estimates of α are more reliable than those of β. This is natural, because the fitting results for the differential distribution are sensitive to the choice of the pocket width.
The results of implementing the fitting procedures at all values of k are collected in Tables 1 and 2 . As it can be seen from the data in Tables 1 and 2 , the tails of distributions in all cases are algebraic. This is our first main result, following from the fact that the correlation coefficient R 2 in all cases is very close to 1, i.e. the fitting is very good.
Our second main result is that the computed power-law index for the differential distributions is in the narrow range, approximately from −1.7 to −1.4, depending on the virial coefficient k. The consequences are discussed below.
What is the nature of the observed algebraic decay? One may recall that a similar algebraic decay was observed by Shevchenko & Scholl (1996 , 1997 in numerical experiments on asteroid dynamics. They showed that the tail of the integral distribution of the time intervals T s between jumps of the orbital eccentricity of asteroids in the 3/1 mean motion resonance with Jupiter is not exponential, but algebraic:
with α ∼ 1.5-1.7.
This decay was due to sticking of orbits to chaos borders in the phase space of motion.
The stickiness effect determines the character of the distribution of Poincaré recurrences on large timescales: it is algebraic (Chirikov & Shepelyansky 1981 , 1984 . Starting with the pioneering work by Chirikov & Shepelyansky (1981) , the algebraic decay in the recurrence statistics in Hamiltonian systems with divided phase space was considered, in particular, in (Chirikov & Shepelyansky 1984; Chirikov 1990 Chirikov , 1999 Cristadoro & Ketzmerick 2008) . Chirikov (1990) , using his resonant theory of critical phenomena in Hamiltonian dynamics, justified a value of 3/2 for the critical exponent α. However, neither the T −2/3 d law, nor even any other algebraic law, were reported in the numerical studies by Mikkola & Tanikawa (2007) . We believe that the reasons are as follows:
solely the initial part of the distribution was considered by Mikkola & Tanikawa (2007) .
Besides, the algebraic fitting functions were not used anyway. As noted by Shevchenko (2009), the tail of the disruption time distribution in the given problem should be considered separately from the initial part, because it corresponds to a different dynamical situation:
in the beginning, the regime of decay might be exponential; see dynamical analogues in Disruption of the three-body systems 7 (Shevchenko & Scholl 1996 , 1997 Shevchenko 1999 ) and the theory for the exponential decay in (Chirikov 1999) .
As follows from Tables 1 and 2, for , which is inherent to free diffusion in the central part of a chaotic layer until the finite width of the layer becomes important (Chirikov & Shepelyansky 1981, p. 9) , see also (Shevchenko 1999) .
Concluding, we see that the Kepler map statistics is valid at k ∼ 0 and k ∼ 1, while, hypothetically, the free diffusion seems to dominate at k ∼ 0.5. As for the case k ∼ 0.5, we believe that the free diffusion predominance is merely an effect of insufficient times of integration, and expect that an extension of the integration time to greater limits should make apparent the asymptotic behaviour typical for the Lévy flights in the given problem, when appropriately long timescales are achieved; in other words, we expect that the asymptotic behaviour with α ∼ 2/3 is universal for all values of k.
MULTIPLE STARS: DYNAMICS AT THE EDGE OF STABILITY
In application to actual multiple stars, our results on the statistics of chaotic decay are appropriate to be used in studies of the dynamics of multiple stars known nowadays to be near the edge of stability.
A list of such multiple stars comprises: HD 40887, HD 76644 (ADS 7114= ι Uma), HD 217675 (o And), HD 222326 (ADS 16904) (Orlov & Zhuchkov 2005) . Probably all these systems are quadruple. However, they contain close binary stars, therefore in computer simulations we can consider them as triples. The mass ratios in these systems are: 1) 0.65 : Of course, a direct observation of Lévy flights in the dynamics of such systems would require unrealistic long times of observation. However, when the current coordinates and velocities of the components are determined observationally with sufficient accuracy, the Lévy flights can be studied and analyzed in numerical simulations of the future dynamical history of the triples, and estimates of their lifetimes can be obtained.
CONCLUSIONS
We have investigated statistics of the disruption times T d in the equal-mass three-body problem. The statistics has been explored in massive numerical simulations with randomized initial conditions. The distributions of the disruption times have turned out to be heavytailed with the power-law index being within narrow range near the value of −5/3 (for the differential distribution). The observed range is from −1.7 to −1.4; the value of the slope index slightly depends on the virial coefficient.
Our result is in conflict with earlier expectations and analogies with "radioactive decay", which implied exponential tails, and also in conflict with numerical results of Mikkola & Tanikawa (2007) , where exponential decay was found. We explain the divergence with the latter results by the fact that Mikkola & Tanikawa (2007) fitted the distribution as a whole (and what is more, taken at insufficiently long timescale), while the behaviour of the tails should be treated separately from the initial exponential drop.
On the other hand, our finding of the algebraic decay is in agreement with the theoretical result of Agekian et al. (1983) , stating that the average lifetime of a general isolated threebody system is infinite. Moreover, it is in agreement with the Kepler map theory ( 
